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iWFMlKQ h REVIEW 

This invention pertains in general to semi- 



^_ v ,„ w u v- ^BacK'gTOUridi-'-b-f the Inventi'on '- 

(U) 



[a^c^ Tr sy3 terns "for" guiHetL^missiles"*; 
' ' ^"arid to" compensate ~ fbif* the * 

" " effects of ' vibration- induced noise^ in such "guidance " 
systems . 

v f^) As is known, a semiactive radar seeker in a 

-guided missile employs a so-called "rear receiver" to 
provide a coherent reference signal for Doppler . 
processing of the target return signal received by 
the "front" receiver in such a seeker. That is to 
say, a rear receiver is arranged to respond to signals 
transmitted from a control radar to provide a coherent 
local oscillator (LO) signal for the first downconversion 
mixers in the front receiver. 

(&) The frequency' of the signal out of the local 

oscillator is controlled by means of an automatic fre- 
quency control/automatic phase control (AFC/APC) 
tracking loop, referred to hereinafter as a 
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quadricorrelator and described in United States Patent 
No, 4,228,434 entitled "Radar Receiver Local Oscillator 
Control Circuit," inventors Williamson et al , issued 
October 14 , 1980 v and assigned to the same assignee as 
the present invention. 

tej It has been determined that vibration-induced 

^noise^ln^the^circuitrY may be ef fective to cause the . ... _ 
quadricorrelator to switch between either one of two 
stable states when vibration-induced phase error exceeds 
dynamic range^of ; the^ quadricorrelator. \ . When such.^. 
switching occurs, a concomitant 180° phase change in 
the local oscillator signal for the front receiver also 
occurs with the result that, for a finite period of 
time, tracking of a target is not possible. 
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(U) Summary of the Invention 

(U) With the foregoing background of the invention in 

mind, it is therefore a primary object of this invention 
to provide a phase lock loop recovery circuit to reduce" 
the time required for a phase lock loop to recover from 

a 180° phase change in the loop reference signal. 

(^)~ * ~ The foregoing- and- other objects of this invention 
are generally attained in a guided missile using a semi- 
active radar guidance system that incorporates a quadri- 
" ~^~"-~&dr±'el m at*or by r providing* means for differentiating the 
quadricorrelator phase detector output signal and pro- 
viding such differentiated output signal as an aiding 
impulse to reduce the length of time that is required 
to restore tracking conditions after a vibration-induced 
15 reversal in phase of the coherent reference "signal. 
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(U) Brief Description of the Drawings 

(U) For a more complete understanding of this 

invention reference is now made to the following 
* ' " w - description of ^the accompanying drawings wherein: * " *" * 
5 (U) FIG. 1 is a simplified block diagram of a 

— semi active missile seeker" incorporating the invention; " 

' - ~ ^ — - (If)— — FTG.—2^is - a"block* -diagram of the stable rear - 

reference oscillator and quadricorrelator discriminator 
of FIG. 1 including a differentiating circuit, according " 
. ^ — ^ . -^to^ this" invention >"for^ providing an aiding impulse to~ r^*-- 
— — - 'th e Doppler" tracking phase" lock loop of the front "* ' *■ -'■ '~ 

receiver of FIG. 1; 

(U) FIG. 3 is a simplified block diagram of the 

Doppler tracking loop of the front receiver of FIG. 1; 



- v * - - A and " 



— v^;- - ^tfj^sr- ^^^^s-a^dJ^t^" usef ul " irf understanding'' the " <;w " ~-'-*-**&f^™ 



* -^r^; *r;v* '• bperai^i^n^^af ^t^rs^^invMvt'f on . l~ r- : s: ~ " v.--v**c 
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(U) Description of the Preferred Embodiment 
(U) It should be noted at the outset that as the 

contemplated differentiating circuit is designed to 
*• compensate ■ ^fbr^th^^f-ectS'-'of vibration-induced noise v 
in a tactical semiactive missile guidance system , only 
those portions of such a system required for an under- 
^^ t€aridih : g of -the invent i£>n will be descrlbed~in ' detail^" >^**T\ 
Thus , for example, details of decoding and control 
. r - - logic for ~the'"re~ar « receiver will not be described. ~ r^?*,--^ 

^^^Furtherf 6Sly : selected -portions of the fxont^ receiver' '^^ -^^^^ 
will be described in detail and the acquisition mode 
of operation of the missile will not be described. 
(&) Referring now to FIG. "1, the here relevant 

parts of a semiactive missile seeker 10 are shown to 
^ftc 1 ud-g a ' f ir^ht' ; r ve^ Wp* a rear Ifeci^ ^^- : -r..,.v- L r^r^ : 

— - -a signal processor ^40 ^ ^-The— rear receiver- has -a rear 

radar illuminator (not shown) so that a coherent 
reference signal for Doppler processing of the target 
return signals received by the front receiver 20 may 
be generated. Thus , the illuminator signal received 
by the rear antenna 11 is passed through an electronically 
tunable filter (here a YIG filter 13) and downconverted 
to a first intermediate frequency (I.F.) signal at 
25 31 MHz by being heterodyned in a balanced mixer 15 





with a local oscillator (L.O.) signal obtained from a 
first local oscillator 17 (described in detail herein- 
below with reference to FIG. 2). 

^am*** t^m*)^ :• .Jfc&r'ASSk I ?Z: r-Signal from the- balanced .mixer 15 -■ 
5 is amplified in a preamplifier 19 prior to being down- 

converted to a second I.F. signal at 3 .500 MHz by being 
SftQeaa* ,?^s^MP d * ned .^ ^.c^l^ced mixer -21. with a-signal in-vthe 
band of 34.500 t 0.080 MHz obtained from a voltage con- 
.--tmcm' ,:-t^^ ^^l-ed^o^Uator^ .,,. := The ..specif ic ;; f requency^-of vthe 

mixer 25) the 34.0 MHz output frequency from.. a crystal- 
controlled oscillator 27 with a signal in the band of 
500 t 80 KHz from a voltage controlled oscillator (VCO) 
29. The specific frequency out of the VCO 29 is 
*^»?aeri^3F- w^flS^SKM^. *$z#? e - -i^PP^e^. error tracki-ng -signal obtained-- ~ :,r- y^r* 
* J r £ m . .* h ^5i5SS£ P^9 c es?9r ,4_0_.^ The lower sideband, of. .the- - I,-—. 
»Cm&$mC:??mm^£& &M*£& e -%%^ r ?2£*- i *^W9ve* in-- : ai f ilter 31;:jbo . 

obtain the signal in the band of 34.500 t 0.080 MHz. 

\ The second I.F. signal from the mixer 21 is 
(after, if desired , being subjected to automatic gain 
control) and passed, via a bandwidth filter 33 having 
a pass bandwidth of 10 KHz, to a quadricorrelator 35. 
The filter 33 is provided to remove wideband plume 
noise, receiver thermal noise and multipath effects. 
25 The quadricorrelator 35 will be described in detail 



hereinbelow with reference to FIG. 2. Suffice it to 
say here that it is effective to provide an output 
signal in the form of a D.C. voltage proportional to 

~r'r;3~v*r- .irrrrs^t-heepha the- second I. F. signal — --<r ; ^^$r.$*a 

5 from the filter 33 and a reference frequency- The 

* 

output signal from the quadricorrelator 35 is provided 

?ir -s^^^^ si.gna-l-j to?aadr ; iver 37 . , The -latter; -isc^r-^r ;:-^r^c^ 

effective, in a manner to be described in detail 
r _ — — here i-nbe low- wi>t-h reference to FIG. 2, to close the — - -x; 




\$$* oscillator 17. ~ _ — — 

The front receiver 20 is shown to include a - 
monopulse antenna 39 , the output signals from which 
are passed to a monopulse arithmetic network 41 
- ~:r^:r*-K signal and pitch ^and yaw ~ ^ -^r^^^egj&g 

v- . . >- " . ~ . *~ i-^di-f f erenceys ignals^ are 7 f prmed . — Such - sum and-. d if f erjance^- .,..„. , 
tv.a*: ^Sxi * tQ»2: s igna l-s^are : Tpas : s via-?a ;t hree channel: tuned . :pres'electpr ^ ^ &&&?t&4r 

43 (an yttrium-iron-garnet electronically tuned filter , 
YIG) that is controlled by a control signal provided 
by the driver 37, to balanced mixers 45a , 45b, 45c for 
downconversion to first I.F. signals at a first I.F. 
frequency of 31 MHz by being heterodyned with the L.O. 
signal from the reference oscillator 17. Such first 
I.F. signals are amplified in preamplifiers 47a, 47b, 
25 47c prior to being filtered in narrowband crystal 
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filters 49a, 49b, 49c. It should be noted the sum 
channel signal from the preamplifier 47C is split, 
with a portion being applied, via a narrowband 
^* crystal- f liter 51? -tcr an- acquisition receiver 53. 
The latter is here of conventional design and performs, 
inter alia, the functions of downconverting to a second 

iI:;-F ; :f requency ^automatic ^g'ain control , and quadrature 
detection not required for an understanding of this 
Invention.* The in-phase (I) and quadrature phase (Q) 

C6.utp.ut -:signa r ls "If ^rom-ithe^ : acquisition receiver- ' 53 -are 
passed to a fast Fourier transform (FFT) signal 
processor 55 within the signal processor 40. The 
output signals from the FFT signal processor 55 are 
passed to a digital computer (not shown) . 

... - i;;The~ mond.pulse "S'lmi^and difference isignals from ';■:?. 

-.the narrowband -filters 4 9 a, -.4. 9b, 4 9c are passed to a < 

^txacte::rec.e±ver ^57r. Within the latter the r .pxtch and : ?* : 
yaw difference signals are phase shifted to be in 
quadrature with the sum signal and then are fed to a 
pair of double-sideband, suppressed-carrier modulators 
for mixing with separate reference signals of 7.0 and 
10.6 KHz, respectively. The signals out of the 
modulators 45a, 45b (sometimes called radar error 
signals) are then algebraically added to the sum 
signal. The encoded sum signal is then amplified 




in an AGC amplifier and downconverted to an encoded 

i 

signal at a second I. P. frequency of 40 KHz by being 
heterodyned in a balanced mixer with the output from 
^ ^ a^temperature-compensated* crystal oscillator operating ^ - * * 

5 at a frequency of 31.040 MHz. The encoded sum signal 

at the second I.F. frequency is passed to the signal 
w^^r^^T^:-.: processor 40^ to-^e applied to a velocity network -61 ^me^ 
with one signal out of such network being passed, as 

™.. shown, to an~angle decoding network 59 The ' angle — — 

^v^^ decoding^netwdrk^ 5 9^ i s 1 of ^conventional^ x^^^^f 

to synchronously detect the pitch and yaw radar error 
sidebands on the sum signal. The pitch and yaw error 
signals from the angle error decoding network 59 are 
passed to the digital computer (not shown) to provide 
"Vrr^.-rI5 , ""-".tr V: r inputvsi~gnals for the "derivation of guidance signals rrf " :rr.;5Si!r 
*■ ^skt**- r*r> - for /achieving a- targets-intercept . . The -velocity -error— - — - 
: ^de^eetion^rhetworlc^ Gl^here ''comprises ->a -switchable " — ' ? " "*' 
bandwidth phase lock loop, which will be described 
in detail with reference to FIG. 3. Suffice it to 
say here the velocity error detection network 61 - 
provides a Doppler error signal that is used to control 
the VCO 29 in the rear receiver 30, thereby to close 
the missile Doppler tracking loop (not numbered) . 
fSJ Referring now to FIG. 2, the reference 

25 oscillator 17 (FIG. 1) is shown to include a voltage 

\ 





tuned solid state local oscillator (SSLO 63) and 
circuitry (not numbered) for stabilizing the SSLO 63. 
A portion of the output signal from the SSLO 63 is 
coupled-, via a coupler 65 , to a permanent magnet YIG filt 
67, a 90° phase shifter 69, and a phase detector 71. 
The output signal from the phase detector 71 is passed, 
via- -a 1 video" ^pldM^ signal to the 

SSLO 63. As previously mentioned, the quadricorrelator 
35 provides an AFC control signal, via the YIG driver 37, 
^to^th^ref er^ce : ^ . - ■** Such : control- signal- * r " 

is applied to the permanent magnet YIG filter 67 and 
is effective to tune the bandpass response of the 
latter,. As the center frequency of the permanent 
magnet YIG filter changes in response to the AFC control 
signal , the' frequency ~6f the SSLO follows so that it 
remains- at- the- s-ame -center -- frequency. The- YIG- driver 37 
*is r -%f f ective^ tb* J shiT£ r: the bandpass respbhse^'of both the- - 
YIG filter 13 (FIG. 1) and the three channel YIG 
preselector 43 (FIG. 1) to track the frequency changes 
of the SSLO 63. Such tracking is required so that the 
first I.F. signals in the front receiver 20 (FIG. 1) 
will fall within the narrow bandwidth of the crystal 
filters 49a, 49b, 49c, and 51 (FIG. 1). 
()S) The quadricorrelator 35 comprises a pair of 

quadrature phase detectors 751, 75Q fed with a reference 




signal from a Crystal controlled reference .oscillator 77. 
The requisite quadrature. ..relationship is realized by 
phase shifting the reference signal provided to phase 

detector 75Q in a 90° phase shifter 79. The output ^ 

5 signals from the phase detectors 751, 75Q are filtered 

by low pass filters 811, 81Q. The output signal from 
. ... : the low pass filter 811 is passed to. ^differentiator 83 

to phase shift, by 90°, signals within its passband. 
The output signal from the differentiator 83 is syn- 
^;^j^>^ ^ vv:"chronously deteeted-t-in a detector ^ 85nwhere^ thecoutput: *v - - *r&&&EOvv 

signal from the low pass filter 81Q serves as a reference 
signal. The output signal from the detector 85 is 
integrated in a narrowband low pass filter 87 to become 
the output signal of the quadricorrelator 35. It will 
15 be noted that the magnitude of the output signal of the ■*'- 

. . . . quadricorrelator is determined by the response of the . . . — 
v.v- ^ rr .^ rw^. ^--differentiator- 83 and the - polarity* of such output -signal — - «fe£fe> 

is determined by the relative phase of the signals 
applied to the synchronous detector 85. 

It will be appreciated that the quadricorrelator 35 , 
when a target is being tracked, may be deemed to provide 
a D.C. signal proportional to the phase difference between 
the 4 0 KHz second I.F. input signal from the filter 33 
(FIG. 1) and the signal from the crystal-controlled 
25 reference oscillator 77 and that such D.C. signal is at a 

zero volt D.C. level when such signals are in phase or 




180° out-of-phase (i.e., the quadricorrelator 35 has 
two stable states). It has been found that a vibration- 
induced phase error exceeding 90° will cause the output 
signal of the quadricorrelator 35 to change from one — 
5 stable state to the other with a concomitant 180° 

change in the output signal from the first local 
— --oscillator 17:(:EIG.~1 ).. - -: .~;:^zjlzz,: 

The output of the quadricorrelator 35 is amplified 
in a video amplifier 89 and applied as a D.C. error 
??=™. ir-*ssL*r^ vthte ? &rive-r 37 . The latter "alfso ^:^^-^?ofc 

receives a sweep control signal from the rear receiver 
control logic network (not shown) . 

OSJ Referring now to FIG. 3, the velocity error 

detection network 61 is shown to comprise a conventional 
15 phase lock loop (PLL) (riot numbered) including a pair of 

phase detectors 911, 91Q, a summing amplifier 93, a — 
— r ^r- r-VCO "95/ a* 90° phase shifter- -97, a low pass filter 99 and ~ - '^y ^.: 
a comparator 101. The PLL (not numbered) serves to 
provide an indication (COHERENCY INDICATION) of the 
detection of a coherent target to the digital computer 
(not shown) . Such indication is accomplished by 
monitoring the output of the quadrature phase detector 91Q 
(which correlates the sum signal at 40 KHz from the 
track receiver 57 (FIG. 1) to the phase shifted output 
25 of the VCO 95), filtering the output of the quadrature 
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phase detector 91Q in the low pass filter 99 and pro- 
viding the filtered output as an input to the 
comparator 101 along with a threshold signal. If then 
the level of the filtered signal from the quadrature 
phase detector 91Q exceeds the threshold signal applied 
to the comparator 101, the COHERENCY INDICATION signal 
is formed for the digital computer (not shown) . 
4 (bsJ The PLL (not numbered) also provides a Doppler 

error output signal proportional to the difference 
between the free -running frequency of the VCO 95 and - - 
the sum channel input signal, i.e., the second I.F. 
signal out of the track receiver 57 (FIG. 1) . The 
level of the signal out of the phase detector 911 is a 
direct indication of the frequency offset of the VCO 95 
required to maintain phase lock, and therefore it is a 
direct indication of the target Doppler offset from the 
center of the band- of the track receiver 57 "(FIG. 1);- 
When coherency is established, the bandwidth of the 
PLL is reduced by means of a control signal applied to 
the summing amplifier 93 by the digital computer (not 
shown) to aid in multiple targ et discrimination. As 
mentioned hereinabove, the Doppler error signal then 
is utilized to control the reference oscillator 17 
(FIG. 1) to maintain target tracking. 

(^Ss) Recalling here that a vibration-induced phase 





error exceeding the 90° will cause the output of the 
quadricorrelator 35 (FIG. 2) to switch from one stable 
state to the other with a concomitant reversal in 
the phase of the signal out of the first local oscillator 17, 
5 it will be appreciated that such a phase reversal ultimately 

will result in a corresponding reversal in phase of the 
second I.F. signal applied to the velocity error detection 
network 61 of the COHERENCY INDICATION signal to the 
digital computer (not shown) . The bandwidth control 
signal to the-summing- amplifier 93 then is switched from 
60 Hz to 250 Hz until the COHERENCY INDICATION is again 
formed. 

(^ Referring now to FIGS. 3 and 4, the effect of 

such a 180° phase shift is illustrated. Thus, when 

15 the COHERENCY INDICATION signal is sent to the digital 

computer (not shown) the PLL is locked at the point 0. 
A positive 180° phase shift in the 40 KHz second I.F. 
input signal will cause the PLL (not shown) to shift 
to point A and a negative 180° phase shift will cause 
a shift to point B. The polarity of the phase shift 
is dependent upon the polarity of the output signal 
from the synchronous phase detector 85 in the 
quadricorrelator 35. In any event, a finite recovery 
time is required for the PLL (not numbered) to recover 

25 to its correct phase sense. Obviously, as target 





track is lost during this recovery period, it would 
be advantageous to minimize, that recovery time. This 
is accomplished here by providing an aiding impulse 
to the summing amplifier 93 in order to more rapidly 

5. tune the VCO 95 thereby to aid the PLL (not numbered) 

to recover to its correct phase sense, 
(fe^ Referring back now for a moment to FIG. 2, 

the aiding impulse for the summing amplifier 93 (FIG. 3) 
is developed by differentiating, in a differentiator 103, 
the amplified D.C. output of the synchronous detector 85. 
The differentiator 103 is shown to include a resistor Rl 
and a pair of capacitors CI and C2 . Those components 
are chosen to limit the amplitude of the aiding impulse 
to the summing amplifier 93 (FIG. 3) thereby to provide 

15 the equivalent energy of a 180° phase shift. In a 

differentiator that was built and successfully tested 
resistor Rl had a value of 5,000 ohms, capacitor Cl had 
a value of 0.015 microfarads, and capacitor C2 had a 
value of 0.22 microfarads. . It should be noted here 
that the differentiator 103 does not alter the performance 
of the velocity error detection network 61 (FIG. 3) when 
the quadricorrelator 35 is* operating properly because 
the input to the differentiator 103 then is equal to a 
D.C. zero level. 

25 (^) Having described a preferred embodiment of this 





invention/ it will now be evident to one of skill in 
the art that the embodiment may be changed without 
departing from the inventive concepts. Thus, for 
example, if the circuitry (FIG. 3) for generating the 
coherency indication is rendered impervious to the 
effect of switching of the quadricorrelator from one 
stable state to the other, then the control signal, 
i.e., the aiding impulse (FIG. 3) and summing amplifier 
(FIG. 3) would not be necessary. It is felt, therefore, 
that this invention should not be restricted to the 
disclosed embodiment, but rather should be limited 
only by the spirit and scope of the appended claims. 
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